Abstract. The Navier-Stokes equations for incompressible flow in their Lagrangian form are taken as a starting point. A perturbation technique is then used to obtain first-and secondorder sets of equations, and the general procedure for solving the equations to any order is given. The first-order equations yield interesting two-and three-dimensional motions that have some of the properties of 'stirring,' 'eddies,' and 'turbulence'; it is suggested that various problems in turbulent motion might possibly be re-examined by means of these equations.
ing the fluxes that are observed to occur. Yet, in the true physical sense, the equations involving the molecular concepts are more meaningful than those involving 'eddy' concepts.
Fine-structure gradients of velocity and temperature are known to be large, and, if solutions could be found for the 'molecular' equations that could explain the 'gross' features as observed, our understanding of these features would be greatly increased. The 'eddies' would be a part of the solution instead of something averaged out of the solution by an averaging process that unfortunately changes the nature of the 'eddies' and the mean flow as its time and spatial scale is changed.
If meaningful solutions to the 'molecular' equations could be found, it might even be possible to fill in some of the gaps in the classical literature on turbulence. For example, Reynolds' classical experiment with filaments of dye in a pipe describes but does •ot expl•n the onset of turbulent flow at a certain Reynolds number. Also, much of the present work on turbulence is more of an attempt to describe it than to explain it.
Solutions to the Lagrangian equations are difficult both to interpret and to verify, as verification is usually possible only by means of measurements that are more suitably made with reference to a fixed point of observation. In principle, however, a solution in Lagrangian form can be inverted to obtain an approximation to a solution in Eulerian form. Such a solution need not be a solution of the Eulerian equations to any particular order. In fact, a linear solution in Lagrangian form, for at least one nonviscous problem that has been studied, provided a reasonably exact facsimile to a third-order solution of the same problem in Eulerian form.
The problem o/linearization. If the NavierStokes equations in their Eulerian form are linearized, the result, in the absence of field accelerations, is a set of equations from which it appears that only trivial solutions quite unlike turbulent flow can be obtained. On the contrary, if the equations are transformed to their Lagrangian form, the linear and second-order equations appear to preserve certain realistic features of turbulent flow. In the Lagrangian form, the acceleration following a particle is preserved in the linear equations. A linearization of the Lagrangian equations in the study of gravity waves, for example, has yielded much more realistic waves than the linearized Eulerian equations [Miche, 1944; Pierson, 1961] .
The Lagrangian equations in their nonviscous form have not been studied as extensively as the Eulerian equations. An exception is a paper by Eckart [1960] , in which many important properties of these equations were established. Unpublished work of Eckart suggests that the application of classical perturbation procedures may yield interesting results when applied to the Lagrangian equations.
Certain points raised by Corrsin [1961a] are also of interest here. Although the complete equations are 'even more severely nonlinear' than the Eulerian equations, the perturbation analysis appears to yield a system of linear equations such that an approximate solution of the linear equations may be a good start toward a correct solution of a problem in fluid motion, and, as was pointed out above, the nonlinearities appear in a different way so as to preserve certain desirable features even in the linear equa- Higher-order solutions. Once the linear problem has been formulated, substitution into the higher-order equations produces higher-order modifications to the original linear problem. Sum and difference frequencies appear in the second-order solution, and perhaps certain restrictions on possible wave numbers and admissible frequencies will result. In a randomized gravity wave theory developed along these lines, the second-order solution yielded the wellknown change in phase speed that arises when the Eulerian equations are studied to third order [Pierson., 1961] . Thus certain nonlinear features of higher order in the Eulerian system appear at lower order in the Lagrangian system.
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To carry out any of the results given above to second or third order requires a great deal of algebraic manipulation. In time, perhaps this will be done and new insight into fluid motions will be obtained. paper as presented at the IUGG-IUTAM Symposium has undergone a change of title and has been corrected for numerous errors. 
